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Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea) is a heavily applied herbicide for both ag-
ricultural, other than rice paddies, and non-agricultural uses. In this study, we measured the
concentration of diuron in river waters in Hiroshima prefecture, Japan, and determined photo-
chemical and biological degradation rates, half-life and its degradation products. From April to
October in 2004, water was taken from the Kurose and Ashida rivers. Diuron was extracted by
solid phase extraction and then measured by high performance liquid chromatography with UV
detection. The concentration range of diuron in the river water analyzed was 0.35~3.6 ug L™*
(av. 0.69 ug L™"). The photochemical decomposition rate of diuron added into the rivers was de-
termined by irradiation for several hours of the collected water samples using a solar simulator,
or by using natural sunlight for 12-25 days. The direct photolysis constant of diuron in water
was kor=3.38 X 107° s~ ' when the photolysis rate constant was normalized to the solar noon con-
ditions of 34°N in spring. The indirect photolysis constant via oxidation with hydroxyl radical
(OH) was determined as ki»=9.29 X 10° M "' s, In the Kurose river, the half-life of diuron by di-
rect, indirect and total photolysis was estimated as 5.7, 5.8~43 and 2.9~5.0 h, respectively.
The half-life of diuron was 9~38 d when the water samples were irradiated using natural sun-
light (October-December, 2006). Biodegradation of diuron was examined by incubating unfil-
tered river waters containing diuron at 21°C in the dark for three months. The biodegradation
half-life of was 602~814 d. The degradation products of diuron through photo and bio-
degradation processes were analyzed by liquid chromatography - mass spectrometry and gas
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chromatography - mass spectrometry. 3-(3-chloro-4-hydroxyphenyl)-dimethylurea, 3-(4-chloro-
3-hydroxylphenyl)-dimethylurea and 3,4-dichloroaniline were identified, but other 4 compounds
were not. It was estimated that a significant portion of diuron discharged into river water in
Hiroshima prefecture was transported into the Seto Inland Sea, without any or with only a little
degradation; thus being a potential source of pollution in coastal waters.

Key words: Herbicide, Diuron, River water, Hiroshima prefecture

1. U & (C

Br % &l ¥ 1 » (3-(8,4-Dichlorophenyl)-1,1-
dimethylurea XX DCMU) &, M5 %3
5 EALEA (4, 1992) L LT, HHRBTEL
HwshTws, tHRToERERIZ, FR14,000~
16,000t 12 L T35 (RPA, 2000), HAIZBWT
b, h—AvZAD (FaRVH), 7¥%vuwr (i
KAL), FA4ay (BREEFTHE) Lo 2
£C, RELUA O EF I (RiE, Bk
BOMEEN) 72 &C, BREAE LTRd L {flibhT
Wo (HARKYEERZ, 2004), WTEZ, YT F
VAR BMEEREHI L LTHHH I T2

(Omae, 2003). “FHISEEDOHARICBIFS Y70
Y OHEFHERMPEHE X, 207,682kg L HEF SN TW
% (R e S B pE S R AL A W RS PR, 2004) 6

VonyOHEKE (0.009 mPa, 25°C) AV —
EE (0.061 Pam®mol ) O, Yru iR
ML WZ b, Z0%, HHINZYT T VITRA
PGS 5 2 &%, REKPR THPICHET S

(RPA, 2000; Giacomazzi and Cochet, 2004), HZ&
BT BIKRP Yy a yORlERIZ R, FhE
TIEZ L OMEF»H 5, 75 ~ A® Morbras Il &
Reveillon JII Ti&, 5 FA~7THHAJIZ0 T T LIES
FOTHROTRTORE 2501 ugLl UL DY o1
YOS S, FETNIRE IS % #58.7 ug L O L A3 M
N7z (Blanchoud et al., 2004), £ ¥V 2 Tl, #B
IO TLOG ug LD Y1 ¥ Kl S iz

(Revitt et al., 2002), 72, FA v TR HET
®E0.4ugl ™!, MMM CRBLugL 'Y v 1 v
Ak &7z (Nitschke and Schiissler, 1998) o

Vou sk, KEEYNOBENBNE STV

(RemEEdt s #—, 2008); A —AFSUTD
FU—=MNYT)—=T1ZBIFAY TR0 R
W2, YO FEDTIT =T a vk ETARLHVDS
NByarHBEE LT A REEHISh TV

(Haynes et al., 2000; McMahon et al., 2005; Negri

et al., 2005) , Watanabe et al. (2006) i, 138 X U010
ugL' oYy a v &210H MY >~ T2 59 % EER
AT o 7oA R, BIMEN TN EN10~20%B & U720
~30%BA L, hrTOUMHLERLIEZWHS
22 L72. Okamura et al. (2003) 1%, =Nz
EUMHHARG RSB L UCBBENOKT Yo ViREL
EL, 1208 086% Ty u v 2RI L, Rk
335ug L' CThHo72Z L EMEL T D, KPR
YourosEis LT, Okamura (2002) (LR
BHAOREEZEHL TWb, £ XY ZDRKIC
BWThH, REEE6TugL W ETH YU viHY
WHE XN T4 (Thomas et al., 2001), =512,
You  IIREhCHREN, 34V 7uur =y v

(3,4-DCA) (Salvestrini et al., 2002) *3,4-Y 7 1
07 x =)VjR%E (Tixier et al., 2001; Fernandez-Alba
etal., 2002) O X9 7%, HYERTREMEA O EY
FHELLZIEIHMEEINR TS, 2D H3,4-DCA
i, You X REEY~NOFEEIENDOT, K
REBIRNOEEPBREIN TS (Giacomazzi
and Cochet, 2004), DX ) ZHENIS, Yvn v
ORBEPICBIT2EBELHASHICTE L, HRO
FERROIRC Z DL RBENEE % i+ 5 L CTHEET
HBHEFZ D

— MM, BRBEERICHE S REIE, FiToo
RETHEING, Thbb, MEWICXSEYFN
iR (E3IR) LA IRR RS IRD & 9 RAbEN 5
HThb, ¥ru L, 180~190°C D F TH i
B9, WIR SR TT TR AK S O 2 A
500H DA b & Rwv (4t » ¥ —, 2008).
X oT, HREET COEELRMHRRE L, E5He
Wi THEEEZEZOND, V70 DAEGIRIZET
HWEIE T TICiTbNTB Y (Cullington and
Walker, 1999; Gooddy et al., 2002), Z N F T2k
WD FERZDHRIEIICOVTHEERINTWV S

(Vroumsia et al., 1998)c LH»LAH5, TD%L
FHEPOBMAEMIC L 50RICEBLZDDTH Y,
TR AL T B A TOAEFRIZD W THFZE S
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N7=d Db v, —F, BRI, BEERYZ
Db DK Z WAL 50 & W 5 IEHO60 %, it
FRIGBETER T e Fad v V40 (OH)
FOUWEERREIC L 5 MBS HRED L, Yo sl
SRICELT, ZhECIIEETEHEE Mmoo
HLONERL, ENERTHF ISR THhNI
T &7 (Tanaka et al., 1986; Jirkovsky et al., 1997) .
F72, TIORN7 =¥ P Y% &% HWTOH %
ERMICKRBERESELZ LT, Yy raeahERiL
SRR T B b 3N T 5 (Mazellier et al.,
1997; Macounova et al., 2003; Malato et al., 2003) .
LA LA 5, HARES CIIEEROHENS D
FIFICHETT 5, F72, RRKPTHOY Y1 & 0H
& DOFUBEEEIZDWTERE 23251531247 hbh T
BOoT, ZORBBMOHALHITR Y, &5612, Yvn
YOGTREDICET HTEROBIIN TS 5,
FZTARWIZETIX, Y8 rDOBEERIEATHDS L
Z 2 ONBIEEBRNOMIKREREZNEL, £
DHATRFEMEALERR, Yooy OBERICHET S
R HAT o720 SHICENERIZLY, H0REES
S OBURBE GRS L IZERKE D b & Toitft
FI IR EED S RIAKPIC BT 2 R 2 ko 5 2
ET, YyurofWrEml s L OO & E IR
fliL7ze 72, WhZ O~ 275 7—HESHE (LC
-MS) RHF A ux T I7T—EHEHNE (GC-MS)
EHCCHRERYOREET 72 TNOHERAEN
ICEBTHIET, YvaryoillkiiBsig s Bk
LR A ST, JRBRIIINI BT 21550
FERR KT ERRNOBEL T2 Z & 2W%DOH
e L7z,

2. B

2.1 FERMS

HNARFEE ORI, JRERNZ NS5 IR
BN TITo 720 IREBREIZ RN L FHINE, Hiik
MFi860 km?, it B IE K406 km O — i Il TH %,
LR e L AT ARG A EE L, T
A BB o CTd 51T % 8 > THT NG
WAT S, HEHFICBWTIRD HEROMEA 7ZE—HiT
JNNELTmHNTYS, —FREING, R
A, T AE239 km?, U IE K105 km O ik
WINTH B LD S HRBICA»T T, HERT %
WL, THBETEBRE=ZDHT Th 551 % kTl
FNTEICTEAT %0 SEEOHE BT OLM L HMTLIC

e, HRFEATHLIIITH S UNE - HEf
2004) o 20044FE4 7 2 51012 H T, HHEIO#RE
N TAG 24t o5, ) O MIE S B & Ol 0 5515
D22 1, Frad BB W TREIK ORI E 1T - 72

(Fig. 1)o AHIOMREINIE, Mt 2muL <
WA EFICAE L, ST SRz Y e vl
WHLTWBEEZONLIHMTH D, T72, INTHG
FHEHE R RS TR T, ARG EEATHS &
EZoND, —F, BHEIIOWH O ORI
[ BT T KL S i L CTB Y, MEEA o+ o
HRBAAARIE (DOC) BEE FIICITIEER
WEIICH Bo F 72, BOD 1Z19904E4HT % THIL B
M I ALE T ARG (R T2 52km BiE) T
RO EWHZ R L TW2AY, 20004E8 13 A4 i HE K AL
MR DOE KA L o> TR & 0, TFRREY; O FHic
MBS OB TROEWEZRLTWS (UM -
HEE, 2007),

2.2 GAIAKEFOERR

K, BEMHELIHIL ERGBR L, WIKA A% E L
T2WEIAT o 720 Vo u YHERREHT, TR EA
FH U TWEH LB E Y, Bty BAF Y
K U DOC il 52 I 3RHE, 450°C T2 [ hn 2 L 3 L
7eftIC ANz, F72HR0KIEICIE, S OKSUREE
A, ki, WAUZEEE (HORIBA, 71 A% =— ACT
pH *—%), pH (HORIBA, twin pH X —%) %l
EL7zo BhFHE, 7 —F—Fv 7 ZATRRICHED &
MROFELIFY, R ZAT ) T CTHIEEE TR L7,

2.3 AFKET—4%

T2, BB FERE & I FAFIC D W TR BB 5
Ty A7 4 (2004), HREJNZOWTIRET3EE
KRG T — & X— 2 (2004) X 0 FKEEDKA T —
¥ AFL, KidmX (H-QX) (MR, FKEII
AR S, TR E 3884 A8 L1 S 35
ik b AT) 2 oRAKBORREEZ KD, B, K
WER & AR B R 25 5 22 B 35 A, BRAKIFICHR bW
KB T — % Z W CiE 2 EE L7,

2.4 WET—4%

I EBLR S Y AT & (2004) A S 7 AL H 2
FVOWEBMF & LT, BETIEHL SN =B
Jiy, BB OO FERG (LA TN R B R, AR
WE, IWFEEELEANEBARONET— % %
Wiz,

2.5 JoOrHHEO#E

EBHICBITS Yy a o i, T4



4 (NI

HIE - HA - I - iy

Tri

Southern area of Hiroshima Prefecture |

iy Kurose Hiver

Hircahimn
i [ |
gl
{

% ¥ % Kurs
! '

S

&

i
L.
.

:___.-"‘:.:_‘_-;u'-

i, Mvomatakig 14|
} !

(&  [zumibashi

-"'!'I:'.I_ Wi s

i

Aghida River

RLUEVETE TR f

!

0 il L__.-' |J'1

i TR |
: _I'r TA\I;III‘:II:r'll:Iﬂlll
{.,_- L_J

Mukuynma
1

'i*a.-ﬂ"'-r't;"-.-.

s
filn-.l:_.;:mlkllﬁﬂ

w:l'ﬂ-f-uu ks Comita

Seto Inland Sea

Fig.1 Sampling sites of waters in the Kurose and Ashida rivers in south-
ern area of Hiroshima prefecture. Namitakiji, Izumibashi, Misonou,
Hinotsumebashi and Kurose Bunka Center are the names of sam-
pling site along the Kurose river. Akayagawa and Yamatebashi are

those along the Ashida river.

4EFE PRTR @ IDAME I BRI RL iR S 7o )L B IR
2B 5 BEIRLBEHSER - NGAbEE R o3k
WEEHERTRE R G B S 8 B i S R L o W B P
Wk, 2004) EH W7o, WA OFEN R, DT o
FMNZ X > THERT 24T o 720
(rla A 45 58 et G ) R i)
= (LB BT 2 @A G BHERTHHE )
X (il YA 25 38 x5 1) T )
(1 J25 VR A5 8P ot G 1) T )
2.6 RHEFEOFHESE
KM EICB A Yy VigEEWNIRED? S
Yyu oA EEE L. %Eﬁﬁﬁh,’i@%ﬂ<
BT AmINARNEI, FREOREICHKREOIR
BEFELTRD,
2.7 FANIKEBOFRE
REORTLILIX, Derbalah et al. (2003) DI
HoOWTRDTFNETIT - 720 WIIKRFILL %450°C
T1H BN 2L AL B L 72 Advantec B 7 5 2 ik HE A %
(GC-50, PRI FE0.45um) THML 721, AL
DFEIEZ20% 7 £ b ¥ #E#5 mL 2 H\»T104 \Fﬂiﬁ_i
W L72d 0% A2z, Hlh S0 &
720 Waters #EAMMHE 7 — 1+ VY v ¥ (Oasis® HLB

3ce, 60mg) (2, YO A¥ ¥5mL, X%/ —)
5mL, Milli-Q K5mL #JHIZzCTaryF4va=
Y7 LTtk YEEET pH SIZHREE L 2 fl i BRURHA TR
210~20 mL min 'O THAK L 72 2 51T, 10
mL @K Z K L7tk FMIRET7TAEL—FTK
AEFITAHIETH— M)y VEMEGERE S,
B L72BANCEmL Y7 ana Xy ¥ &R L CRLE
HUZAR 7018, EET AR T CTiRiicE < ¢,
PNIEHEME & L Cl0ppm 7 = F ¥ b L V-doiB %
50uL@®mmL, €517 ¥1mL %buxto h
B, BEIAGRMTFTBLZ200uLICEMHLA-D D
ZERREE Lz ZoRiLEI, ?M<1ﬁ~uﬁeﬁu\
PIZAT - 726

2.8 TyOrRUSEEDOAE

voury RUEOGRERWIE, Jirkovsky et al.
(1997) O FHFE T EHEBEEK 7~ T T 7
(HPLC) MW TAT-> 7z, #HEE (T =M.
K=40:60, viv) &, B> 7 (BEE/EH, LC-10
Ai) 12 XV %1 mL min "T# L 720 EA SN2
EHRAR Boul) 1, 40°COIFLF—T ¥ (B
H AR, CTO-10AC) WO # 7 & (Supeleo, SU-
PELCOSILTM LC-18, £k %25cm, P#4.6 mm, Fi



A B NIRAIC BT ZBER D0 v OREB X OF 05 Ett 5

F&E5um) 2 TY w0y Z05RA R % 55k
%, WEP 254 nm OB ERR S (B
BYEFT, SPD-10AV) 12X D llE L/ze MEMO R
BE GOugL™, 21x10"'M) % #fEsmE M E L,
Z DY — 7 i OERER O3 H 5 KD 7B R AR
filild, 3.4ugL® (1.5X10°M) T - 720 FAHH
bED 7T BEE RO BB R IE, 68ngL™!
(8.0x10°"M) TH-72

Voa vrREEY O R EIZIE, LC-MS (Waters,
E2695) & Fl\W 7z, {EA Ll HEAE 5oul) i,
BHE (A% 7 —V:Kk=52:48) &K 7 (Waters,
2695) 12 X D Hl mLmin '"C#K L, # 5 & (Su-
pelco, SUPELCOSILTM LC-18, £ ¥25cm, Wf%
4.6mm, K75 um) (CTHBER, 7+ ¥ A F—
F7 L4 (Waters, 996) K OVE &M% (Waters, ZQ
2000) 2 THHT L 720

3,4-DCA DM E 121, GC-MS (Hewlett-Packard,
HP6890) #Hw/ze YU I FxETU—AF50kL
T G. L. Science #: TC-5 (30 m X 0.25 mm, MF/E0.25
um) ZJHV, FX YT —FHAELTA)TLAF A%
1.0 mL min "TH#i L 7z, AN (250°C) 12K (2
ul) A7)y PLAE— FTHEAR, 754 0E
%#50°C (1 min &%) 7 55°C min C300°C (5 min
¥R FThASE, BTFEHEA I+ Lk (230°C)
TAF b L 721, BE=OW i (Hewlett-Packard,
MS5973) 12 THHT L7z,

2.9 ADHEER

2.9.1 XHERAEBOEK FUKBLIES
F KA & LT, 20054E10H 11 H = H)I o4k )=
N IMTAE, 20064E7 A 12H Bii) I ok 0 #ME & 0
THAAE S 5 B bt v & — B TERICL 22
KefH Lz. F72, BRI B X 045 #
F I AKRE & LT, 20064E10~12H 125 ) T B
N O f FFAALE S 50T, VAT HHOFRE K
Ohill D GERG O FH3 L ml TR L 721K 2 5 H L 72,
R TF L BBRIAESG CHRIL 723N, T2 M
FOANFH U THODLdPkE LBz An,
7 ==Ky 7 ANTRIREZRD BZALWREICHD
J o720 TNE450°C TIRFRIMBULEL L 724 5 A &k
HeA M (Advantec, GC-50, PR¥EEF££0.45 um) ¥
WT, XZLFART 7405 — (BH~A 704 T
YA, fLEF02um) THMT 5T & THAEMZID
R 721, FEERE THBENICIRE L7,

2.9.2 BREIKEGALEBHICE D HS/HERER KRE

10mgL™" (4.3xX10°M) &%5 X)XV 70 V&R
U 223 KRR 2 A a8l oy (kB RS R T4
MR EIER, HF®19mL) ICANR, 7780 VR TH
eV r®EMKE, KBEXY I 2L — 4% — (Oriel,
model 81160-1000) 12 & V) JEHESF L 70 HRSFIREIZIZ,
RTAF o7 A5 —F =X ilk 2+ L
2o MBS XN B HIE, Xe ¥ FEEBHE L,
IT7<YA74NVT— (Oriel, AM 02 0F1.0) % 5l X
¥5 LT, MEMMIFET S BHBRKELOWEEHK
LIFIZFFALCTH 5, B LG EL, FiEizh
(1998) IZft\y, 2-= F IRV X7 VT FEHWw
TALFRERNC & 2Kk, LIS % HlE s
&, A BRL ETT19984E5 H 1H IE T b B AR
#ALL 72

2.9.3 HAKBABHICLZASPHERR »#HE
DN AR RIEE DS IOmg L e b X512V
T Y ERML72E#E %150 mL § O HER PV (B
®A200mL) IZHWL, THEbEDOFTTAEIT Y
7 CER LT INEBRFRILEF ¥ V8 A DRI
BLETIAFy 7EPMNLAIZRMVEZES, LA
WIZH R AKEKRZR LANDS Z & TR ML EREKSE
7IRRECTHAKE L Z IS L7z BEHGA» SFEH
LR MVHOBERE YL, Yoo vigEse
B HPLC THE L7 ZORYIEEIZ, 20064E10
A, 11IAB X120 1% A1B$ > 4530 (H4HH
¥ 12~25HM) 17-o72. EBHMOHH®EIZ, LB
KEFHIEEF ¥ V7S AR L 72 )R B K2R/ S8
VAT L (2008) OF—F FFv, 1K Z & O
AEE2MET5Z L TCHRANSEZHM L,

2.9.4 OH®DBITE Hii3H (1998) IZHE W,
OHAWEEDOMEEIT-720 Thbb, XvEy
(1.2mM) Z@ML72HEHI KBty 32— —
ZHWTHRIEG L, BEZEICER L2 OH 2 X >
L CHREE, KISICEVAERT S 72/ —VighE
ZHPLCCTHIE T 5 2 & TOHAE K #EE % Ko
720 "OH M 4 ¥ i 58 0 % OV 58 W IRRE IR % ([ OHI..)
i, FHEIF2 (1999) IV, BT ARV E Vi
EAREALSRLZ EIZE D RDT,

2.9.5 BEEXIMBICLZIPEEEEHROEL U
70 Y D BEE NG E B Roiect prowyss (ko) 1, Milli-
QAKIC—EmDOIY T U v & iEh LIk R %
1w, DIFo X hRD7=,
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DCMU o Products
_d[DCMU] _ DCMUL. _ _
dt kDP[DCMU] &ln [DCMU]o kop
(1)

kop: LRI L BV 0 v O REEER
(s™)

[DCMUl: t WO Y o Vg (M)

[DCMU]: ¥ 1 > ¥R (M)

t: HGRER (s)

WA BFIRR [ % A2, In ([DCMUL/[DCMU],) % #it i
LLC7uay bL, ZORREROME 1S, HEL
GRS & B 5 IR BE e R ke S L 720

2.9.6 MEXPBILI>PHEEEETHOEH

OHIZ X 2 Yo vo s MEEE K
Prndivect rowysis () 13, Milli-Q KIC—EBDOY w1 v
BLOWEEA + v 2R 725, B 5K
EmD YU Y ERNAIHBIS, FRENR IR L
To720 €O, Milli-Q /K% v - HG BT,
Mz WA+ ViREEELSELZ LICLD,
[OHl. 2% 2 720 OH & @ Kt D & TH R A T 35
A, DTOXLDKRDBZ LN TE S,

DCMU + OH L Products
~dIDEMUL_ . ;poMul o).
[DCMU_ _, .
<:>ln [DCMU]U kIP[ OH] ss (2)
b BECRIC L BV 0 v O EEER
M's™)

[DCMUl: t DY o Vg (M)
[DCMUly: ¥ & v fIiEE (M)
[OHl.: OH E#IKERE (M)

t: HGRER (s)

FEEROFER, You v dEERSMINz, €07
9, HGHR % #HH2, In ((DCMUl/[DCMU],) % ff
e LCETE, ZOMBEROMEEIL, EELHH
L MR b7 R E AR KT OmGE
OB E DS, HENSHO D HEEEE (ke) %
LB 2 LT, BMENDTHEDRD G HEE ke
[OHIA b B, £ LT, [OHl. 23BEHITdH 1L H
BN RO R R B ke KD D Z LIRS,

2.9.7 FREBAOEY HEELHMIZ X 2 W
i, UToOXTET Z EHRKLS,

I A - ATH

_In2
tie op = Fop (3)

tus oe: TLFETEIRIC & 2 1003 (s)

Foe: EHEE5 R X % 5 fRRE 28 (s7)

72, OHE:DOGIZX B Yy r o g,
DT LHicREN D,

_ In2
t1/2 P — k]P[OH]“ (4)

tue e FIEERIC X 2 L0 (s)
br: FIEG R & 2 5 RHEES (M 's™)
[OH].. OH & IREEHLEE (M)
HARBRBE T TomikhTid, TholEHtnEe
MR FIFRISRE & TW D A, W)IKPICBIT5
EBEOXFM 2 LT O L ) I2RKD 72,
In2

bl = o+ k[ OHIL, ®)
tie totall [E??}& U\‘Eﬁ%%ﬁﬁﬁ % é\y) YAy v IV @i'ﬁ
W (s)

ko EHEE5 R X 2 5 fRRIE 28 (s7)
kw: BRI X B 0 E R (M 's™)
[OH].. OH & IREEREE (M)
HARKBEIBICE ST 70 ¥ O 38 tys vt suient
(taws) 1&, BIBK D 2T 70 v 5% EER
Prauasuige (Bys) 5, WL 72Y 70 ¥ D505
f#S 2 DI ERAREL2KRD, ZhE1HO &R
THZZ LICE Y ROz, SHRGFFEERFFIC BT 57
HfF &%, LRERFALEBU S 2724 (2006) OB
W —% % M7z,
2.10 £HFEER
KA EOMNAKFE %2 WV CTHRIBEIOMmg L' Y
Ta VR EREL, 150mL 30250 mL =7 5
AT L7z TR ZIEH21°C @ H AR BEAL 203
fERT 3N 4 4+ b e v (LH-200-RDSCT) WD~ )L F
Y —h— ORFPEALZFM, MMS-310) T80 rpm
THeE D) LA o3r HE G WMEREIT> 72, T F
T—)L & LT, Milli-Q KICHEEED Y Y1 > 2R
L7220 Hwico 5MRICE 2T o a o
(twmp) 1%, BIERKD 2T 70 v 5% EER
Esiotogical Degradation (kep) 2 B, IR L 7290 0 55 25 53
B4 DI ERHREZFET S LICE ) KD,
B, Mili-QKIZYPva y2REBICHENLZS DT
X, VvuaropRiizE AR NRh o T,
2.11 BEAF>2, BA14>2 R DOC ORIFE
A+ > (Cl°, NO,, NO, KU S02) KUBA



JAEESIKRHIC B 2 BR5H T 0 v OiRES X 02 05 7

4 v (Na*, K"%O°NH,") &, &I £ Dionex #
(DX-150) J U* Yokogawa # (IC-7000) £ + ¥ 7
ux b7 I 7% HWCTHlEL7z. DOCRER, Bt
BB FERT (TOC-5000A) % JHWTHIE L 720

3. BRBLUVEE

3.1 AllkpIoOVRE

T VREOME IS L7 KEE (2004
#H4~10H) @ pH, BRZERE, TEALFHS OF
YR E % Appen. 1IZR$, HHIECEEI & b1
WAL A v, REERA 4 v, BRERA 4 VB~
BAuM EE L, BB EOMEAIZHNIK TS 5
LHIBT SN D, KM (20044:4~10H) T o#RE
KELE, MO T1,307 mm, HFE5T1,403 mm,
) T1,330 mm, F4FT864mm TH Y, IIF
BT L ) R d o 72

You g, AHIBEXCRENO4FERE DT
RTORIIB TR Sz (48 1o F 1y
0.35~0.97ugL™!, Tablel), k= iEE % LK %
L, MEFTTRORESREL B.6ugLl™), oA
WElIZBVThH, RKENT21ugL™?, HMOFEFETLL
ugL™, NP T048 ug L' E LB E WHTH -
720 HEH 5 HI2001~20024F 12 B\ THIE O 0 &
1 % &t HL S Tl K i o B3R B O 58 % 4T - 72
LZh, 19ME O RE GRERF, KA, BREA)
TR L7228, M & o 3 o BRI B~
ngL'TH Y, BEGFHRETH272~418 ngL 725
72 (Derbalah et al., 2003), L722%-> T, AT
W L2k ¥y a v o FisEL, hodsTo
BIEOGFHRELILHT 23 0THY, Yyaritk
LIERENHETH D EERTHRIC R 572
BN oMBEAF TIE4~107 1227 TLER B X 12
ABRW-WEZ2IT-72&2 5, 5HTH (3.6
ugL™) L7H23H (22ugL™) ICHIRENRALRN,
F724H16H~6 H10H 22 Tl ug L LA L ek

FhIREE SR L ORI S (Fig.2a). BAMIEL
TABOFE/IZB VT, BHICZOBREN R EL
(Fig.3a), BEIOPRETIEZY 70 v BEFICE
R ST 3 LRI N5, FK14%EE D PRTR
SRR B OMERHERICE 2, IKBRTHOY YO
YOfRR®E LT, RERZOMIER, FBR
L, HADATOMHARKBSZ2LHEOTED, K
H, V78, HRTOFEHEHESL TR W

(Table 2) o WL TIE, FEIZIERMHL L ORETO
EHPIFEALEZHEO TV, Ko T, Hl)ITIZH
LS o S S 2 b DA
LTWAHEEMEDE 2 bvs, AHNORE)ITIE,
8~10 H KAl i BE A S, BB D EEAR & ISR
MR 5Tz, 207280, FRENTIXRE) &38R
BRALERIZE o TV a PR S T B REE AT
ZZHN5. RENMPET LTI, SRR IS
B LYy a oMb M 5 A THIR I
Fizd, BREED2OOWMBSEZ ONED, 51T
P 2 AESUETH B, —K, WWFHEORILTT
TiE, 4~5ACRDBEIEL, R0z LH
PLL22F/ZALZ R Lz SHUE, fIlics v iz
Vo u y OBRENOPEREDS, FICREDS L O oA
R THE L LBBRL TV bDEEbN S,

3.2 YoOroORbarE

LEAMB X ISR 2L 2HRTICBWT, #llE
L7cy o VBRI DMK E %2 f U TR 72
BRI, REOFEMWEILIZIZFE LYY — >
R L7 (Fig.2b)o — 77, BRAHIEH O JIIKE
(Fig.2¢) &, Ihnl3® a8t R L2 L
Mo, Kb Iou LRERTI AR L OBk
TnwekEzohs,

Fig. 3O &I 212 BT 2 Ao i A = O
BrATH, BBORQREOHERIZHEL Tz, HE
FLHMOFEFTIIsEH12H, 6H10H IS HAMNED
L, T~9ATRIZIZ—ETHY, 10H14HITIZ9AH

Table 1 Concentration of diuron in waters collected at the sites of the Ashida and Kurose

rivers.
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Fig.2 Weekly variation of concentration (a) and
flux (b) of diuron, and daily water flow rate
(¢) from April to October in 2004 of the
Kurose river at Misonou.
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HIZHA L7zo
3.3 RUKBABHICLIZD VO OXPEERE
& FimHA

You ik, WEEICHETLHARKGROKE
B, T%bbHEES00nm Pl LI 2ET 5, &
DF, FIEERGIEN L D 50 HEE B koe % KD
720 BEORBG IR G E 1 2 -V Ch00 ug L' ¥ o 1
YEW (Milli-Q K) \OBRE AT 72 2 A, BE
10 #4113 K048% 3R S M ize Z DR FEB D
B S B & In([DCMU]/[DCMU],) & o [
R ERD-EZA, ZomFEREEREZRLES
LMD, Vou V- RIICEERS L T,
CoORREAOBE XD, 5% E B ko= 3.38 %
107°s ' &K D72,

AWZETIE, OHIC X B Yy oty
SIS A B, SR 4 v % OH AR & L CTHW,
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gl

arvirston gl )

Lans

Plig Lsg ')

il

a0 Bz &N LEL] B2 813 [RERE

Liska af wxinr mamzieg

Fig.3 Monthly variation of concentration (a) and
flux (b) of diuron from April to October in
2004 of the Kurose and Ashida river waters.

Table 2 Estimated amount of diuron released into the environment in Hiroshima prefec-

ture (kgy ™.

Silm Faddy  Ueehard Fiule Houste (ol courdas  Forest Othars T il
Sern town Iia 12.7 152 a41.4 1143
ErO e - 628 705 518 00 10188
Fushiai Mitusugi area

Higeshi-Hiroshimn sty = Tl 13,2 1433 - = 1500 di3 8
Hirozhim prafecturs = 1435 411 250 3 = 2674 T

¥ aalenaled From thae Pofulent Refesss and Trenelar Hagister &ata Ter Hiroghima praleciun i 2003
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R A A+ 205 O OH A il 3 % 2 $1%, 19984E5H 1
H A BEIL BT IR O KB G I HiE L CT1.75 X
107s (n=2) Tdh v, CHME (2.56x10"s ;7 H
34, 2005) ICHARTEHETFERWETH -7, T %
FIVC, OHIZ X 2 Y™ u v o650 % 35 i 8 3
ERD72. 500 ug LY U 0 VIBETRICKIEE400 4 M
s R 115 R R 27y | N DAY 3T A N )
YIal—F—FHTI2E BRI % 1T 5 720 %
TRGF2mF 4312, HPLC 2w Cywa Vil %l
L7z. ZO/RE, BE0MMZICIEZT Y0 072%
BRI NTBY, OHEDOKINIZL YD Yy s o
SRR I Z D Z L AURME S N7z TRETIE
ZHEEC, In([DCMUI/[DCMU],) ##tfhe L7z 5
TERERT 5L, EERIEEREEZRLTEBY, Uy
O A R L Tz,  OMREHSEERTI,
EHERE D ISR X T 720, ZonRof
ENS, BELSBOSHREERZTIVZH D
A5, OHIZ X % M#t5 R #EE (ke OH]. = 3.26 X
107°s™) &%, Bl S N72[OH], (3.51x10°"
M) 25, YvuryoOHIZX b MG EEE
Bhe ZRDBHE, 929X10°M s 'TH - 72,

TNAKREHNZ D W T, o EIEERIC X ) [OHI %
RD7zo W RFEB 72K AE O pH B L O
F AL 5 E % Appen. 21270 Y. B K D
[OHl« &, OH ARt P & MR EEEK ORI L -
Tkoohb, 22T, £, TS OHARHEE
R E R E RO 7, WIKREHZ BT 5 0H
AR B 1, 4.6X10 " ~65.7X10 "M s T H o
720 WEANEEA 4~ LAEEEA 4 VIREEATE VR B
WTOHAEREEIIFHLS 2-oTHBY, TNONEE
OHAWIEE LTokElZ Rz TWw5E I EAR
BEN B, Mo ST LZ B 531Kk 0 OH A ik #
J£1X, Zhou and Mopper (1990) #$13x10 "M 's™,
Mopper and Zhou (1990) #%42x10 "M 's 'Ofi%
HELTWwWb, ¥ 72, Takeda et al. (2004) &

Nakatani et al. (2004) ZE#)I 0 OH A HE 2
DWTENRZR, 1.7X10 "~89.0x10 "M *s 'K UF
7.0x10 "~325x10 "M 's'E WA E R D T W
%o TNHOfEE KL, AWFZETH S NIZKMIh
2B 5 OH AR IX, FHWRMETHL E VR
bo —, RWFZETHE SN2 LEEE L, 6.0x
10°~34.6x10's ' CTH V), @\ Z R L 72BN
BHiziz, OH DML LR Y ) 2 EWEN? S L
HAHELTVWEZEDREENS, TN 5 OH AR HE
B & H R E A 5RO 72 [OH], 1, 4.8X10 %~
35.8X10*M T & - 72 Brezonik and Brekken

(1998) #%1.9x10 ~10x10"*M, Mopper and
Zhou (1990) 7%8.4x10° M %, JIIKHIZBIT 5
[OH]. & LTHEL TS, F7-, Nakatani et al.
(2004) 1Z 2| O[OH], %, 3.3x10 *~8.4x10 '
MERDT WD, L oT, AFETHESRMHIZ,
INB LML TRYULETHD LR 5,

B B2 5 0 198 3 2 5 R e X O I 2 O 4 1 3 1 2 B
ke Z WV, WIKPICBWTHRGHREINDL Y0 v
DLW e RDIz, ZORE, HEXSFICEIEYY
T O (teoe) 35.7hTHY, OHIZX B
Bltnmoryya ol (tee &, 5.8~43h
TH o7 (Table 3),

IhET, BEERSME MBSO ERER
BB Yy a0 iz Rdzhs, EEOMIIIK
W T 5 D MRS F BRI T v b, 22T,
TIKFIZ BT 5 Ty T v OFNRERIZ X 5 2R
(trp ) ZRDIZET A, 29~50h TH o720 %
72, WHRAERICBIT 5 MBS ROBI& 2 RD L
A, WTHEMOEB/BIZBWT, 41% K 50%T
Holze ZO—FHT, REINEFEE LY ¥ —T
i, HELSmoEEILX, FRENI2%K U20%E
Ll ), EERGRICEDEGENE . 2D &
25, INTPBRHOFEGEE Vo2 0HFAERE R D
WENLZ S EEN TV AMINCB VT, OH A%

Table 3 Half life time (t.») of diuron in river waters collected at Hiroshima prefecture. So-
lar simulator was used for irradiation to the river water.

o Hampliog mie Eyp A direct By W Indirest £y 5 0 Eokal Batioc of Indirect o
photohysie () ghotohesie hy photolyss Lhi total photolysis (%)
Al river
Akayagas] 668 .2 500 [
vamakebashi .68 B 10 130 4]
Heifada il
Hirotbaurshast hED 580 250 al
Kairpaas Mk Coaries KhES 9.3 & &0 A
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BRINE CREL, Tk ) Yon vz S R E
FELKREE LTHRENTHWEEZOND, KRR
Tk, OHA K L % 2WEB VR0, B
Scﬂ:-t V=TI OHHRHEEEHAKE VD

WRELTHESROBEIMEL o/ B2 5,

3.4 BRAKBEBHICLZ VO ORI EEE

& F iR EA

20064 N10H, 11H, 12H I Fh ZFh1E§ o,
DA AR N VSNV ¥ S SN/ IN 5 G e
B &212~25H 1T - 720 A HH = %2 M2, In
([DCMUI/[DCMUI,) % #ft#h & L7z3%6, fFohi:
BRI R 2EREEZRLTBY, YyarysHE
IR L TR RIICHR L TV D 2 &5 0o 2
CoEROMEE %, HIERITHT 2 0 EE ks &
T5E, TNZTNOGHEERITI0ON T, ARET
5.61X107°m*MJ ™", HlDOFEET6.01x10° m* MJ &
otz MEROFERZ 11712 Milli-Q /K, ifi#EF, 4§
DOFE/TITV, DR kns 1EZF N ZFN3.51X1072,
3.36x107%, 4.45X107°m*MJ ' CTdH o 720 X 51212
HOEBIZBW T, Milli-Q /K, W, o iEs
D IRE R bns 1 ZFNZFN2.30x107°, 2.25%10°%,
2.23%10°m*MJ T - 720

NS DOWHRERENT, You DR
HAZ X 2B (tens) ZRD B L, Milli-Q KTl
10.6~24.1d, W TIZ11.1~25.2d, Hi DG T
138.4~19.0d TH 7> (Tabled), F7z, 2EEHDHE
B 513 Milli-Q 7k T16.2~36.7d, b T16.5~
37.6d, WO T16.7~379d L W) HEH. &
B OEBIIKFEN LEAFICERINIZOT, FFELE
FHARTEIEEI V2L, FHERPWREED
RREMITHBRELEAEINLOT, FUKBEIC X
LG (FFEORBRIFIET ORI HE L
725 0) ICHART, YvuroRmigeL e,

HUR - A -

s SR SR (N |
RELMEICHR -7,

3.5 O OEPMRRE & FiREA

AR FEBRIC A 7201 KR O pH B X OV FE 2L
IR % Appen. 21250 T A FREFR DK R,
RO H REW I, Wy K O O §54E o 1K R
BizBWT, ZNEFNSDREIT%D Y 7 a v 55
L7zo SIE Y R 7255 B 8 B ep 1, AT L
CHOFEFOREICB VT, ZNhEFN851x107d™!
BU1L15x107°d " CTH b, EWEN RN ELE
nmmUUMMd@%ot<MMA%:@#%#

5, WIKPTY Y r ESRIZIFFRITENZ &3
RENT=

3.6 ToOrOXIEEY

AR S P 72423 mM KOS %210
mgL’l W27 5 X)L 23, SRR YR

WEEZHWCTI2RRRE L, 20 DOC KUY v H
/oaf%%iﬂ%«ﬁﬂml,to ZORER, 121 O R4t %
BTY B VIREDPHTO%IZED LT b DR
L, WP DOCIBEIZ5%DEFHHNTIZEALE
AR SNT, You i3 COo.TTHRISMWESI N W
ZEMRBENT, T T, LC-MS ZHHWTZD%
BEWEZ W L7ze LCZ U< M7 I HI2BWT, 4
REmS Y va 0¥ —2r (REFFHM18min) £ )
NS, RIFREF4.2 min 4.9 min IZH#HEFELE — 2
(Products A, B) 2tHRGH2B %200 H b S,
FELMEEW TH B EEZ b7z (Table5), &
NOEDIAART M n, ZO0fkEWE bHT =
2141 = oI, TNHPEELTRICL - T
HER SN0 REY, 3-(8-7uu—4-e Fufdi 7o
SV AFNVRFERVPS-(4-7 0 u-3- Fu ¥ ¥
TzZW)-VAFIWVIREZETHDLI L HMHERL 7
Jirkovsky et al. (1997) (X, XY ¥ VHBIZAML T
BHIRHHDKEEIL IR L7 2o 2D D EEAD,

Table 4 Half-life time (ti2) of diuron in the Kurose river water when the water

sample containing 10 mg L ™!
light or biodegradated in dark.

of diuron was irradiated by natural sun-

Sampling %= in Lia m thes matursl surdight rradiaton Lday) Ly in the biodegradation [day)
thva Eyiriaa
TTer Dict s Movembar December
Pdmrnitabi]i Aid
rurniBagnl 1o a9 L -
et saimie b e 4.3 181 1 li{ird
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Table 5 Detection and qualification of photodegradation products of diuron.

[reatriaveenl udsd Produst 8 Degradation metbsd  Ralambon Gme imen Chamical atructors salimatsd

HPLG or
LG-MS & Saler aenilaton
Matural surdight

B Coler skmulator
Matural surdight
saler aEnilatar
Maliral surdight
Biodegradation
i} Zolwr simulator
Matural sunlight
Bindegracdation
E saler amulalarn
Matural sundight
F Solsr simulator
Matural sunfight

s

GL-MS
] Matural sundight
Biodigradalion

Ay o 3~ F~chloro~#4
42 (4.2) Fryeedrayg hirnd ]'Iﬁlrnll‘r""l.‘llﬂ
I={4~chloro~%
46 (a3 Fryeedrayg harngd ]'I:‘Irnll‘r!,"'l.'\ﬂﬂ
B5 11140 7
83 {135 2
183 (30.8) ¥
e o
ara
FAN |

3 4~dichloroaniline

¥ Ralanlion time & HPLG aralyaia
= Ralertion time in LC-MS analyais

VouryoFEREZEEUSREREL L EONLZ L
EMELTCWD, —FT, Mo5HEY (Products
C-F, f# ## I [11.4 min, 13.5min, 17.4 min &% Of
30.8 min) IZELTiE, ERBEINEL, TRAAXRY

MUCBOWTES R E =7 BENE LN Lo /27
W, FET LI ENRTE R o7, REBRI, BILA
TH5HOHPHBEWKREDORIERTHEDT, X
VEVBROMARLREL LNV B UVROBR LS 7
MBI R, REEOPAF VKIS ¥
RO O DOWHEIEORIEILEIR UL LT L
23Nz,

KA, HARKBE GG X 200 RIS BT
¥, HPLC % > Cor R % 5l oA L 720 3B
¥, 2006411 O KB ERHF L72d 0% w7z,
ZOER, RFEFFH4.2 min, 4.6 min, 6.5min, 8.3
min, 16.3 min K O°17.1 min (2 Z N ZF N5 R EY &
Bbhsb¥—2 (Products A-F) %z L7z (Table
5)0 RIFEH4.2K% U04.6min D¥ — 2%, FNEh
LC-MS 43 #7 I O {1 F# I 4.2 min ©3-(3-7 1 U4~
LREFT 722 V) -V XAFVEE, 4.9min D3-(4
-7uu-3-k Fa ¥ 722 0)-YV AFIVRFEIZH
B3 BT LA MRL . RFEFER6.5 min, 8.3 min
T U%16.3 min O3 R EY X, LC-MS 547 K O 3R
#11.4 min, 13.5 min /& 0¥30.8 min ® ¥ — 7 & [[] 4
TWETHHEEEZ LN D,

GC-MS % 72 50 A i o ) 5 5 1 D A %, PR
i 21.1 min 123,4-DCA 2 RET 5 2 &N TE 72

(Product G)o L22L, COWEHIIHBTEH LI
IREEDSH N2, Vo DONRIZI Y AR L
ELTORBEPTIMURETHR T2 LEZ HN5,
HAAKRL (20064:12H, HSTHE:25H) oA
H 4 &S > T o HPLC ¥ — 7 i (T
) BEDLHITEAT R, B ELT,
WSy B & RO FEE W KB X O Milli-Q K % H
VW, ZHZ10mgL' oYy u v E L C IR ER
%47 o 720 Fig. 412773 & 9 12, HPLC R F5# f6.5
min (Fig.4 a;Product C) % 17.1 min (Fig. 4 d;
Product F) ORI, T XTOMIIKEEB IO
Milli-Q /K¢, BEAFEOHIMIEVFELT L 512
Y= 7 BB L 720 — 75 °C, PREFIEH8.3 min
(Fig. 4 b; Product D) OWEIZHEIKIZ X - THEW
AR ON, FOFEFOWIKTIIHEHSREE LI
B L7225, EEFOMIKE & O Milli-Q KTl
IE RS N 25 720 fRFER#16.3 min (Fig. 4 ¢;
Product E) OWHEIX, WiEHEOHMIZH D, MOFERE
TR TR D % WL 7225, S Milli-Q Kl
BWTLEPHML72e ZR5DEWNE, F5LTw»
LHGRBROENICE DD THLEEZ LMD,
W FEF I B O ERICE L, ROIBEROBED
LW ETHY, OHDRAEPR TH 5 NO, %
NO; #E K2 > 72 (Appen. 2). L7zd%-> T, g
SN AR B 2 BEGSROF 5 IEHOLH R I
RTURNEWHDELFZ 5, MOFEGAIIKTIE, M
N B D EE LR METH S (Table3) 725, Th
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Fig. 4 Temporal change of generated degradation products of diuron in the Milli-
Q and river waters irradiated by natural sunlight in December 2006 at
Higashi-Hiroshima. The HPLC peak areas of each degradation product are
plotted with accumulated solar radiation. a. the product C, b. the product
D, c. the product E and d. the product F.

ZH b 53, LRFERER6.5 min 17.1 min OWH
(Product C, F) ¥ — 7L, @EFm)ke
Milli-Q KO ENELIZEAEEDLL LV, ZNW X,
NS OWHIEEISHEIZDHIS L o TERT 2WE
ThbrLEZONE, ZHIIxL, FRFFERS.8 min
OYE (Product D) &, $OFEFIIKIZE T
AL AT HOT, BB X > THEBT
DWEEEZOND, F 74 #116.3 min O E
(Product E) &, TICHERDHEIZL > TEERT S
LoD, EHEXMRIZE > THELRET D, 2B,
PREFIF 4.2 min K 1'4.6 min O E (Product A,
B) i, TNTOMNIARE S X O Milli-Q Ah T4
Y B7:0, FICEHENRGHICL>TERTLEEL
55,

3.7 DO OERBERY

HE IR IEER T O 72 5% EY) 2 HPLC TH-X7z
LA, PREFFEG6.5 min £ 8.3 min IZA R Y — &
(Products C, D) %95 Z &ACTE 7 (Table
5)o Cullington and Walker (1999) X° Gooddy et al.
(2002) DN B, HEGHIZB VT IREIEOR
AFVIEHERBETH D I EAVRBRENTEY, &
WFEIZB VT 29 L-AEY i szt Bbh
bo F7z, IRFFRH2 O HERICE VT OMERS

NWETcHLEEZ2ON, WMERBIZBWTHT
WEPNERENTWSE Z L L RIES N, 3,4-DCA
b GC-MS 12X ) Z DFFAEN MR E 7z, Cullington
and Walker (1999) |3 THif1% 12 & - T3,4-DCA 2%
AR I e 2HmELTwb,

3.8 3,4-DCA OXERE, FiREl, 2EFEEY

TouayOEELTEEW TS 53,4-DCA IOV
THARKEGIZ X 205 EE % 1T - 72, 3,4-DCA
DOWPIEE (10 mg L) 1203 588 HBU X 2
WA & FRIAER, 14HHZITI3H90%D3,4-DCA H°
SR LTz L2ASo T, 3,4-DCA XYY VIZHART
W RBEEDH L, MEENICH R I LT WP E T
HBHZENGD o 3,4DCADTHRIEY v v
Ak, BB X o THMEEICEND D, 2HEHE
12 Milli-Q 7K T35%, iR )1l K T36%, Hl® &k
TR T64% 235 L, S 517 HEMHICIE Milli
-Q K & W FEIFANIKTT4%, WO FERE ) K T85%
R L7z MO OREHI B W TH s H VO
¥, 3,4-DCA DEEIHHICINZ TOH IZ & % H#E
KGRI K > THRIMEES NI/ EEZ BN 5,

¥ 72, FEEHGHE 28NS, 5 o n([3,4-
DCAJ/[3,4-DCA],) % el & o 72 a7 23w %
AL, #RMICHH L 720 5518 8 B ksacans 1,
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Milli-Q /K T2.99x 102 m>*MJ !, @)1k T3.04
X107 m*MJ ", HEOFEREGI)IKT4.00x10*m*MJ ™!
Lo lee AN, Milli-Q /K & WHEF)IIKTL.2
~2.8d, HOFEAEIKTIZ0.9~2.1d TH -7
KARAKKM B & CHEAKRH 2B\ T3,4-DCA 1 [Lix
AGR I L, FITHLEMICHESNE & &
1% (European Chemicals Bureau, 2006), % ®4)
HEWE LT, 33,447 b 70u7yXy¥y,
4~rwvury=yry, 7=y, 573I/2-70un
Tz )=z EO#ENH S (Moilanen and Crosby,
1972; Othmen and Boule, 1999), AHf3ETi, 3,4-
DCA DY REERD 1%, T DR MEN %R T 5
ZEETELNo T

4. #& E ]

ARWFFE T, IREBRNIKP O D 0 e % il
L, BiiReFEHIC L 2 LB BN EME Lz, 72, ¥
vy OIKBTOEREIZOWT, SRR ES X
CHRKE G TOXGIREER, 5 RIEBRD3D % AT
)T ET, You oMK TOSRREEE RI L
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Appen.1 The pH, conductivity and concentrations of DOC and major inorganic ions in the river
water samples collected in Hiroshima prefecture.
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Appen. 2 The pH and concentrations of DOC and major inorganic ions in river waters used for
photo-and bio-degradation experiments.
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